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Summary: Objective. Group voice therapy has been successfully used in patients with dysphonia, but there is little
objectively documented evidence of its effects on voice quality and the self-perception of voice fatigue. The aim of
this study was to investigate the effectiveness of group therapy in patients with functional dysphonia and minor ana-
tomic vocal fold pathologies linked by appearance and history to voice use in an objective and multidimensional manner.
Study design. This is a prospective longitudinal study.
Methods. Before and after treatment, 34 adult women underwent perceptual voice assessments using the grade of
dysphonia, roughness, breathiness, asthenia, and strain (GRBAS) scale, Evaluation Vocale Assistée (EVA) system aero-
dynamic and acoustic assessments, and maximum phonation time measurements, and made subjective evaluations using
the Voice Handicap Index. The pretreatment baseline values of the participants were obtained by means of two exami-
nations separated by an interval of 1 week. The parameters belonging to each main dimension were clustered by means
of Z-transformation, and the corresponding Z-scores were analyzed.
Results. Group therapy was associated with a statistically significant improvement in the perceptual (P = 0.008), acous-
tic (P = 0.040), aerodynamic (P = 0.009 and <0.001), and self-evaluation parameters (P = 0.011).
Conclusions. Our findings provide evidence that group voice therapy can be associated with improvements in per-
ceptual, acoustic, aerodynamic, and self-evaluated parameters in some patients with dysphonia. Controlled, randomized
studies are needed in follow-up. This method of treatment may be a means of reducing the costs and waiting lists as-
sociated with rehabilitative treatment, and enhancing patients’ motivation and compliance.
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INTRODUCTION
A number of studies have confirmed the effectiveness of voice
therapy in the treatment of nonorganic dysphonia and benign vocal
fold lesions, but the significant objective improvements that can
be obtained need to be documented using a multidimensional
approach.1 Individual voice therapy sessions are the standard of
care for patients with dysphonia, but can be a considerable eco-
nomic burden on national health and social welfare services, as
well as on subjects paying for the sessions themselves.
However, although there is still little objective evidence con-
cerning its effects on voice quality and the self-perception of voice
fatigue, group voice therapy has been successfully used in pa-
tients with voice and speech disorders,2 and may also have the
advantage of optimizing voice therapists’ working time and, by
allowing a larger number of patients to be treated, reducing the
length of waiting lists and increasing the efficient use of na-
tional health service resources. Providing group voice therapy
sessions for patients who are homogeneous in terms of age, and
the type and severity of their voice disorder, might stimulate
mutual help and emulation in acquiring correct vocal behavior
and improving voice quality. Reciprocal psychological support
might also help the acquisition of motor skills and further
motivate the patients. The effectiveness of group therapy has been
widely demonstrated in the field of psychiatry for the treat-
ment of mental disorders3,4; although psychiatric disorders are
a very different condition from dysphonia, the reported posi-
tive outcomes show that patients are facilitated in understanding,
following the therapist, and developing skills. Another field of
application of group therapy with positive reports has been phys-
ical therapy for neurologic disorders such as Parkinson’s disease5
and for the treatment of disabilities consequent to stroke.5 The
group sessions of rehabilitation provided more behavioral changes
than the individual treatment sessions in patients affected by Par-
kinson’s disease.5 After stroke, the group approach allowed a
more efficient time use and positive effects on the outcomes due
to enhanced motivation, social interaction and reinforcement, and
competition among the patients.6
The aim of the present study was to assess the effectiveness
of group therapy in changing vocal behavior and improving voice
quality in patients diagnosed with functional dysphonia with or
without minor anatomic vocal fold pathologies by appearance
and history presumed due to voice use using a multidimen-
sional protocol including perceptual, acoustic, aerodynamic, and
self-evaluation parameters.
METHODS
Study design and setting
This prospective longitudinal study, which was approved by our
local institutional review board and conducted in accordance with
the standards of good clinical practice and the principles of the
Helsinki Declaration, was carried out by the members of the voice
therapy service of Fondazione IRCCS Ca’ Granda Ospedale Mag-
giore Policlinico in Milan between January and December 2015.
All patients gave their written informed consent.
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Study subjects
The study involved 34 adult women (mean age 40.9 ± 14.0 years,
range 22–70) who were candidates for rehabilitation treatment for
a voice disorder and vocal fatigue due to functional or minor organic
changes in the vocal folds (vocal fold nodules or mild edema).
The inclusion criteria were female gender, ≥18 years of age, dys-
phonia and vocal fatigue due to functional causes, with
possible tissue reaction to phonotrauma confirmed by
videolaryngostroboscopy, and an indication for voice therapy. Only
women were included to have a homogeneous group of patients,
and also because the vast majority of patients seeking voice therapy
for functional or minor organic causes in our service are women.
Thirteen of the patients (38%) were school teachers, and all
had a history of vocal overuse: 12 were affected by vocal fold
nodules, 13 showed minor anatomic changes (vocal fold edema),
and 9 had functional dysphonia only (muscle tension dyspho-
nia or vocal folds bowing). Each patient was his or her own
control, and all underwent a second multidimensional evalua-
tion 1 week after the first to obtain pretreatment baseline values.
The exclusion criteria were laryngeal motility disorders, pa-
thologies with an indication for phonosurgery, refusal to participate
in group therapy, unfinished rehabilitation program, and previ-
ous phonosurgery or laryngeal radiotherapy.
Outcomes
At the enrollment visit (T0), a complete clinical history was taken
and a record was made of each patient’s age, profession, and
extraprofessional vocal habits. Rigid videolaryngostroboscopy was
used to detect the physical cause of dysphonia or vocal fatigue.
Upon enrollment (T0) and 1 week later (T1), to confirm the
stability of the clinical features of the voice disorder, all pa-
tients underwent multidimensional evaluations.
Multidimensional evaluation protocol
A perceptual voice assessment was conducted using the GRBAS
scale,7 which evaluates the overall grade of dysphonia, rough-
ness, breathiness, asthenia, and strain in a voice. The voice
samples were computer-recorded using a dynamic microphone
(AKG, model B 29L, Acoustics, Vienna, Austria) at a constant
distance of 5 cm from the patient’s mouth (at an angle of about
60°) during the production of a sustained /a/, the repetition of
single words and sentences (the Italian word “aiuole” and the
sentence “Il bambino ama le aiuole della mamma”), and con-
versation. The patients were instructed to talk at a comfortable
pitch and loudness. All of the voice samples were subse-
quently blindly evaluated by three independent listeners
experienced in voice diseases (a voice therapist, an otolaryn-
gologist, and a phoniatrician) and were scored as follows:
0 = normal, 1 = slight disturbance, 2 = moderate disturbance, and
3 = severe disturbance. The perceptual scores were defined as
the mean scores for G, R, and B, as rated independently by the
three listeners, blinded as regards the moment of the record-
ing. In a last step, the mean G, R, and B scores were averaged
to obtain a final global perceptual score.
Aerodynamic and acoustic assessments of voice recordings
were made using the Evaluation Vocale Assistée (EVA) system
(SQ-Lab, Aix-en-Provence, France).8 A rubber mask con-
nected to a mouthpiece was placed over the patient’s mouth and
made to adhere closely to the skin to avoid any air leakage. The
mouthpiece contained a calibrated directional microphone at a
distance of 2 cm from the patient’s oral opening and a grid pneu-
motachograph; the microphone and aerodynamic sensor were
coaxial so that voice sound and phonatory airflow could be si-
multaneously recorded. The two assessments were as follows:
1. A simultaneous acoustic and aerodynamic evaluation
derived from the patient’s production of a sustained /a/
at a comfortable pitch and intensity for at least 4–5 seconds.
A 1-second segment of the most stable part of the signal
was selected for analysis.9 The acoustic indices consid-
ered were percent jitter (computed as the mean absolute
difference between the periods of adjacent cycles divided
by the mean period; the proportion is then multiplied by
100 to get a percentage), percent shimmer (obtained sim-
ilarly using peak-to-peak amplitudes), and the harmonics-
to-noise ratio (HNR, in which H is the energy of the
averaged wave form, and N is the mean energy of the dif-
ferences between the individual periods and the averaged
wave form) expressed in decibel.10
2. An airway-interruption method for indirectly estimating sub-
glottic pressure and phonation threshold pressure (PTP).11
A pressure sensor placed in the oral cavity measured in-
traoral pressure during the emission of a sequence of “pa”
from unvoiced to voiced. The patient was instructed to pro-
nounce an uninterrupted sequence of 6–7 /pa/ with a very
short interval, first whispering and then gradually gaining
sound in the voice. Then the subject pronounced a se-
quence of /pa/ at a comfortable pitch and loudness. Oral
airflow, oral pressure, and acoustic signal were recorded
simultaneously to obtain an estimated PTP and an esti-
mated subglottic pressure during spontaneous phonation.12
The investigator ensured that airflow had gone to zero during
/p/ occlusion before proceeding with the analysis. Then pres-
sure peaks at the /p/ occlusion were carefully measured from
the obtained tracings to estimate the PTP and the subglot-
tic pressure during spontaneous phonation.
Three consecutive measurements of the maximum phona-
tion time (MPT) were obtained from the sustained emission of
the vowel /a/ at a comfortable pitch and volume; the longest of
the three times was used in the data analysis.13 The investiga-
tor prompted the subject to achieve the best possible result after
deep inspiration.
A subjective evaluation of patient-perceived vocal status was
obtained using the Voice Handicap Index (VHI).14 The 30 items
of the index were divided into three subscales that assess the
functional, physical, and emotional aspects of the disability caused
by the voice impairment. The subscale scores ranged from 0 to
40, and the total score ranged from 0 to 120; a higher score in-
dicates a greater degree of self-perceived disability.
The investigated parameters are the basic and classical issues
in the field of voice function assessment and, although the dif-
ferent dimensions have shown poor redundancy, are not
completely independent.15
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Group voice rehabilitation protocol
Approximately 1 week after the baseline evaluations, the pa-
tients underwent seven 1-hour sessions of group voice
rehabilitation therapy: the first six sessions were held weekly,
and the seventh took place 1 month after the sixth. The groups
consisted of four or five patients selected on the basis of their
similar age and cause of dysphonia. The same senior speech ther-
apist (A.C.), experienced in voice disorders rehabilitation,
performed all the rehabilitative sessions. After each session of
voice therapy, the subjects were instructed to repeat all of the
training exercises performed with the speech therapist during the
session two to three times a day for 10–15 minutes depending
on the severity of the voice impairment, and to make notes about
the exercises in a daily diary. The main aims of the treatment
were to improve the steadiness of the voice and to reduce
breathiness while improving vocal fold closure by strengthen-
ing the adductor muscles and reducing vocal effort.16,17
The rehabilitation protocol follows a general scheme uti-
lized in our service, with exercises traditionally utilized in our
region. The main steps of the treatment included teaching of vocal
hygiene principles, relaxation exercises, abdominal breathing train-
ing, resonance voice exercises such as humming to enhance the
feeling of oral vibratory sensations,18 digital manipulation of the
thyroid cartilage, neck muscle massage, articulation exercises,
and semi-occluded vocal tract exercises such as lip and tongue
drills. Special attention was paid to achieving and maintaining
optimal respiratory and phonatory coordination during sponta-
neous speech, and care was taken to correct hyperfunctional
phonatory behaviors.
One week after the end of the rehabilitation period (T2), all
patients repeated the multidimensional evaluation described above.
Statistical analysis
The results are given as absolute numbers and percentages, or
arithmetical mean values ± standard error. The intraclass corre-
lation coefficient (ICC) was computed to assess the inter-rater
reliability as regards perceptual evaluation of G, R, and B. The
Wilcoxon nonparametric test for paired samples was used for
comparing the patients’ perceptual, acoustic, aerodynamic, and
self-evaluation data. First, the two baseline measures were com-
pared. In case of no significant difference, the two measures were
averaged and a second test was performed to compare the average
pretherapy value with the post-therapy measure.
The European Laryngological Society protocol19 considers five
dimensions in voice assessment: perception, acoustics, aerody-
namics, imaging (biomechanics), and patient self-evaluation. For
this article, imaging is not relevant. Each of the four remaining
dimensions comprises several possible parameters and measure-
ments, and these are to some extent related to each other. For
the present study, in line with the European Laryngological
Society proposal, we clustered the measures (scores) within each
dimension. However, as the units of the acoustic (jitter-shimmer-
HNR) and aerodynamic (MPT-PTP-subglottic pressure during
spontaneous phonation) parameters were different, the raw values
were first transformed or “standardized” into Z-scores, which
has the effect of transforming the original distribution to one in
which the mean becomes 0 and the standard deviation becomes
1, and quantifying the original score as the number of standard
deviations that the score is from the global mean. So we ob-
tained a single final value for each dimension, and these values
are suited for a comparison between the “baseline” (mean of the
two measures before therapy) and the post-therapy status.
The Cohen d was calculated as the pooled standard devia-
tion between the mean pre- and post-treatment values to evaluate
the impact of effect size (defined as small if d ≤ 0.3, medium
if d is between 0.4 and 0.7, and large if d ≥ 0.8) on the treat-
ment effect.20
Finally, a correlation matrix was used to present all of the com-
puted correlation coefficients to evaluate the degree and direction
of the associations between the variables, with correlation co-
efficients of +1 indicating a perfect direct relationship and those
of −1 indicating a perfect inverse relationship.
The data were analyzed using SPSS 17.0 software (SPSS Inc,
Chicago, IL), and a P value of <0.05 was considered statisti-
cally significant.
RESULTS
All the patients successfully completed the group voice therapy
protocol, the outcomes of which are shown in Figures 1–7. The
home diary that the patients kept apparently showed that they
adhered to the request of repeating the exercises at home two
to three times a day.
The demographic and main clinical characteristics of each voice
group are reported in Table 1.
Perceptual evaluation
Figure 1 shows the average G, R, and B scores at each timepoint.
The parameters A and S were not considered for statistics. The
ICC was computed to assess the inter-rater reliability as regards
perceptual evaluation of G, R, and B. The ICC is a general
measure of agreement or consensus. The coefficient represents
agreement between several raters on the same set of data and
is adjusted for the effects of the scale of measurements. The
overall ICC for the three listeners was 0.89. Cicchetti21 consid-
ered an ICC of 0.75 or more as indicating “excellent.” The
FIGURE 1. Differences between pre- and post-therapy GRB scores.
GRB, grade of dysphonia, roughness, breathiness; SE, standard error.
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Wilcoxon test for paired values showed that the results of the
two baseline assessments were not significantly different, but there
was a statistically significant difference between the average base-
line value and the post-treatment value (P = 0.008).
Acoustic parameters
Percent jitter and shimmer are proposed to decrease when the voice
is improving, whereas the HNR should increase in case of im-
provement. Figure 2 shows the combined acoustic score obtained
after Z-transformation, HNR sign inversion, and averaging. Once
again, the Wilcoxon test for paired values showed that the two
baseline measurements were not significantly different, but there
was a statistically significant improvement between the average
baseline value and the post-treatment value (P = 0.040).
Aerodynamic parameters
Estimated subglottic pressure during phonation and PTP have
the same unit of measurement (hPa) but a different distribu-
tion, whereas MPT is expressed in seconds. Lower subglottic
pressure and lower PTP during phonation, but longer MPT, imply
better voice function.22–24 Figure 3A shows the combined aero-
dynamic score obtained after Z-transformation, MPT sign
inversion, and averaging. The Wilcoxon test for paired values
showed a nonsignificant difference between the two baseline
values but a highly significant difference between the average
baseline value and the post-treatment value (P < 0.0001).
Figures 3B–D and 4 show that the greatest changes were in MPT
FIGURE 2. Differences between pre- and post-therapy Z-transformed
combined acoustic scores. SE, standard error.
FIGURE 3. Differences between pre- and post-therapy Z-transformed combined aerodynamic scores (A), MPT (B), estimated subglottic pres-
sure (C), and phonation threshold pressure (D). MPT, maximum phonation time; SE, standard error.
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(P < 0.0001), and that estimated subglottic pressure during pho-
nation and PTP were closely correlated with each other
(r = −0.94). Furthermore, the baseline and post-therapy differ-
ence in the “above-threshold” phonation pressure is also significant
(P = 0.009). MPT and estimated subglottic pressure during pho-
nation did not correlate at all (Figure 5).
Self-evaluation
As shown in Figure 6A, the average total VHI score slightly de-
creased after treatment, but there were large interindividual
variations and the comparison of paired values was not statis-
tically significant. However, there was a statistically significant
positive difference between the averaged baseline and post-
TABLE 1.











































Abbreviations: MT, muscle tension; no., number; SD, standard devi-
ation; VFB, vocal fold bowing; VFE, vocal fold edema.
FIGURE 4. Correlation between PTP and estimated Psubgl. Psubgl,
subglottic pressure; PTP, phonation threshold pressure.
FIGURE 5. Correlation between MPT and Z-transformed esti-
mated Psubgl. MPT, maximum phonation time; NS, not significant;
Psubgl, subglottic pressure.
FIGURE 6. Differences between global pre- and post-therapy VHI
scores (A) and the VHI physical and emotional subscales (B). SE, stan-
dard error; NS, not significant; VHI, Voice Handicap Index.
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FIGURE 7. A. Changes in GRB scores as a function of baseline scores. B. Post-therapy GRB scores as a function of baseline GRB scores. C.
Changes in combined acoustic scores as a function of baseline scores. D. Combined acoustic post-therapy scores as a function of baseline scores.
E. Changes in combined aerodynamic scores as a function of baseline scores. F. Combined aerodynamic post-therapy scores as a function of base-
line scores. GRB, grade of dysphonia, roughness, breathiness; NS, not significant.
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treatment physical and emotional subscale scores (P = 0.011)
(Figure 6B).
Effect size
Table 2 shows the computed values of the Cohen d. The aero-
dynamic dimension obviously showed the strongest effect size
but, like that of the acoustic dimension, was “medium.” The effect
sizes of the perceptual and self-rating dimensions were small.
Correlations between the pre-post differences and
dimension redundancy
Table 3 shows the correlation matrix of the pre-post differences,
that is, the differences between the average of the two pretherapy
measures (baseline) and the post-therapy measure, in the four di-
mensions. All of the correlations are weak and none is significant;
thus, the dimensions cannot be considered as simply redundant.
In other words, an important improvement after therapy in one
dimension does not predict an important improvement in the other
dimensions, and vice versa.
Correlations between the changes and baseline
values
The magnitude of the post-therapy changes in the perceptual di-
mension was unrelated to the magnitude of the baseline value
(Figure 7A), but the average baseline values were already good
(under 1: slight disturbance) (Figure 1). There was a close cor-
relation (Figure 7B) between the baseline and post-therapy values
(r = 0.86, P < 0.0001), with a slight shift toward smaller (better)
values after therapy. In contrast, the magnitude of the changes in
the acoustic parameters was clearly smaller when the degree of
baseline abnormality was more pronounced (r = −0.74, P < 0.001)
(Figures 7C), but the pre- and post-therapy values did not corre-
late with each other (Figures 7D).
Similarly, the changes in the aerodynamic dimension were gen-
erally smaller when the degree of abnormality was larger (r = −0.63,
P < 0.001) (Figure 7E), but there was a correlation between the
baseline and post-therapy values (r = 0.51, P < 0.01) (Figure 7F).
The changes in the two most sensitive parameters (MPT and
estimated subglottic pressure during phonation) showed a com-
plete lack of correlation and are therefore by no means redundant.
Unlike the objective measures, the self-rated VHI values were
comparable with those of the perceptual dimension. For the VHI
scores, the magnitude of the post-treatment change was unre-
lated to the baseline value, but there was a very close correlation
between the pre- and post-treatment scores (r = 0.93, P < 0.0001),
with a minimal shift toward a lower score.
DISCUSSION
The findings of the present study provide new and objective ev-
idence of the effectiveness of group voice therapy in changing
vocal fold dynamics in patients with dysphonia due to func-
tional or minor organic changes following phonotrauma. The study
subjects achieved a more stable and efficient voice production,
with a reduction of phonatory effort post as compared to
pretherapy. Only a few studies1,25,26 have objectively evaluated
the possibility of rehabilitating patients with voice disorders in
small groups, and some of these only considered dysphonia in
patients affected by Parkinson’s disease.25,26 Furthermore, to the
best of our knowledge, this is the largest study analyzing the ef-
fectiveness of group voice therapy that has so far been undertaken.
All of the considered voice dimensions improved, although
the improvement in the perceptual evaluation was significant only
if the G, R, and B were grouped and averaged. This finding is
presumably because the patients’ baseline values were not se-
verely altered as the patients were affected by minor organic
changes of the vocal folds or functional dysphonia.
The most important objective of voice therapy in patients af-
fected by dysphonia due to chronic vocal overuse is to reduce
often debilitating perceived effort during phonation. The reduc-
tion in subglottic pressure during voice production demonstrates
that less muscular effort was required to produce vocal sounds.
This finding may account, at least to some extent, for a reduc-
tion in the patient’s perception of phonatory effort.27 The
improvement in MPT suggests that glottic closure was more ef-
ficient as there was less air leakage through the vocal folds during







Perceptual evaluation (GRB) 0.19
Combined acoustic score 0.48
Combined aerodynamic score 0.76
Maximum phonation time 0.66
Estimated subglottic phonation pressure 0.67
Estimated phonation threshold pressure 0.51
Above-threshold phonation pressure 0.52
Self-rated voice-related quality of life (VHI) 0.17




Δ GRB Δ Acoustics Δ Aerodynamics Δ VHI
Δ GRB 1 0.27 −0.18 −0.11
Δ Acoustics 0.27 1 −0.04 −0.05
Δ Aerodynamics −0.18 −0.04 1 0.09
Δ VHI −0.11 −0.05 0.09 1
Abbreviations: Δ, pre-post difference; GRB, grade of dysphonia, roughness, breathiness; VHI, Voice Handicap Index.
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Furthermore, the significant reduction in the physical and emo-
tional subscales of the VHI shows that voice production was less
fatiguing and the emotional aspects of voice had improved post
therapy.
Our results are also encouraging in terms of the possibility
of maintaining the acquired vocal skills over time insofar as the
post-treatment assessment was made 7–10 days after the seventh
rehabilitation session, and about 40 days after the completion
of the first six sessions.
Our positive findings should stimulate further research into the
clinical application of group voice therapy. In very busy prac-
tices, the extensive use of group therapy can reduce treatment costs
and significantly shorten waiting lists. It can be argued that in-
dividual treatment sessions have been proven to be effective and
allow more tailored treatment, but we believe that these consid-
erations are counterbalanced by the fact that mutual support and
emulation during the sessions contribute to create positive psy-
chological interactions. It is interesting to note that there were no
dropouts among the 34 patients, and this may have been favored
by group cohesion and motivation. The current literature about
the use of group therapy in the field of rehabilitation for neuro-
logic and psychiatric disorders supports our finding that social
interaction and competition may create a supportive environment
and a favorable condition for achieving positive rehabilitative
outcomes.4–6
Finally, it has been reported that the lifetime prevalence of
voice disorders among teachers is as high as 51.4%,28 and so it
is perhaps not surprising that teachers made up the largest oc-
cupational group in our study population (38%). Teachers
therefore represent an occupational category that would benefit
from the rapid access to treatment that group voice therapy allows.
The main limitation of our findings is that in our open study
there was no control group, as each patient was his or her own
control. Controlled, randomized studies are needed to confirm
our positive findings in the future.
CONCLUSIONS
Our findings demonstrate the effectiveness of group voice therapy
on the basis of the perceptual, acoustic, aerodynamic, and self-
evaluation parameters assessed using our multidimensional
protocol in a large case series of patients with functional dys-
phonia and minor anatomic vocal fold pathologies due to chronic
vocal overuse. These results prompt us to suggest the useful-
ness of developing controlled comparative trials of individual
and group voice therapies.
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